Based on the fact that chemical products such as binding agents are produced by mixing three kinds of phosphates with different ratios, we mixed metaphosphate, polyphosphate and pyrophosphate. Each was made to Naphosphate, K-phosphate, and Ca-phosphate and each was mixed with commercial feeds so that the content of P would be approximately 0.1, 0.15, 0.3, 0.4, 0.6 and 1.0%. The prepared pellets were given to ICR, CF # 1 and AKR strains of mice at 29 days of age for 680 days and observations were made through this experimental period at different stages. The observations were also carried out on the mice administered with the experimental feeds for 1.5 months from 9 to 10.5 months of age. The observations were compared with those of the control group at all times. As a result, plasma la, 25 (OH)~ D3 and P levels were always significantly higher in the phosphate administered groups relative to the control. Urine P and Fe increased while urine Ca decreased in the phosphate-treated groups.
Introduction Materials and Methods
Condensed phosphate is a synthetic substance which is used most commonly as a food additive for various purposes and for various kinds of foods because of its diversified chemical properties. Food additives were officially defined first in 1960~),and some of them were put into a class which had no required regulations of usage. Condensed phosphates have been categorized as food additives from the time of this official definition.
Recently condensed phosphates have been used for purposes other than as food additives as determined in the official book just mentioned; that is, they are added to fresh animal foods and vegetables and, since 1984, they have been used to remove the discoloration of supply water for buildings of assembled houses, offices, etc. or in the prevention of rust in the supply water pipe. Thus their fields of application have expanded.
Data obtained from the toxicity tests done to condensed phosphates when they were permitted as FA are not generally made known, but in the papers referred to in the handbook on "Japanese Standards of Food Additives" the following are reported: the acute toxicity test 2) and the subchronic toxicity test performed on cases in which 3% and 5% FA added feed was used showed renal calculi, 31 and 10%, caused an increase in renal weight, delay of growth and inflammation of uriniferous tubules ;4) there was little recovery of phosphate from urine 5~ ; polyphosphate was confined to the cellular nucleus. 6)
The relationship between Ca and the bone has been fully discussed. There are many reports on the balance of P and Ca in view of the nutritive elements, and their effects on the function of the parathyroidV)9).The effects of the parathyroid hormone on bones *~ are discussed in many papers. However, among papers which deal with P, only a few observe its effects on the bones ;12~ particularly those which observe the effects of condensed phosphates on the bones are very few. There are almost no studies which deal with P in natural foods and as additives observing its effects on bone tissues.
When condensed phosphates were first permitted as food additives, they must have passed the general toxicity test, but, as P has, together with Ca, activity toward the living body, we should examine particularly their effects on the living body which might occur because of their chemical characteristics. For the purpose of making such observations using sufficient and necessary indices, we proceeded with a series of studies first focusing on their effects on the bone.
The thinning of the bone cortex and the reduction of marrow trabeculas were most apparent in Na-phosphateadministered subjectsf )-') disarticulation of the femur and the tibia at the knee was larger in the K-phosphate group 16) and in the Ca-phosphate group 17) than in Na-phosphate group. Short term (1.5 months) administration to older subjects (9 months old) produced greater changes than longer (7 months) administration to younger subjects (29 days old).
Conditions of Animals and Foods
In view of the fact that three kinds of condensed phosphates are used in different mixing ratios for the purpose of binding agents, ~) we mixed metaphosphate, polyphosphate, and pyrophosphate in the ratio of 7 : 1.5 : 1.5 and the mixture was added to commercial feed (CE-7, Japan CREA's product) so that P was in the feed at approximately 0.1, 0.15, 0.3, 0.4, 0.6, and 1.0% (2.5% was used when a mutagenicity test was carried out). The prepared pellets were given to ICR strain mice (some part of the experiment was made on CF # 1 and AKR strains). The number of animals included 10 mice in each group. From 29 days of age, they were fed with the pellets for 45 days or 680 days. During these days, on the 210th--240th days and the 450th day, various indices were examined. Also, observations were made on the subjects which were fed with phosphates for 1.5 months from 9 months of age to 10.5 months of age. Not only the subjects fed with condensed Naphosphates but also those fed with K-phosphates were observed and each observation was compared with the control which was fed with non-phosphate-added feed given at the same time as the experimental subjects. Both phosphate-added feed and non-phosphate-added feed contained P and Ca which were derived from the original ingredients of the used commercial feed. The ratio of P to Ca was 0.98 : 1.0. Accordingly, the P level of condensed phosphate-added feed was about 1.1 --2.0% and the ratio of P to Ca was 1.1--2 : 1. There were 10 mice in each group. The animals were reared in a room with a semi-barrier system at the Experimental Animal Center, Toho Univ, Sch. of Med., with a daily light cycle from 8:00 to 20:00.
Sister chromatid exchange
A study of the presence of mutagenicity through observations of frequency of sister chromatid exchange (SCE) in mouse lymphocyte chromosomes ~8~ Experimental subjects were : 1) ICR strain mice, c~, 8 to 10 weeks old. CE-7 added with mixed condensed Na-phosphates and each condensed Na-phosphate, 1%, 5%, and 10% (P contents, 0.25%, 1.25%, and 2.5%) was administered for 1 or 2 weeks. 2) ICR strain mice, c~, 3weeks old. CE-7 added with three mixed condensed Na-phosphates, 1% and 5% (P contents, 0.25% and 1.25%) was administered for 20 months.
A lymphocyte from the abdominal cavity was cultured in the routine method. The SCE frequency of 20 cells from each subject was scored (in vivo). In addition, lymphocytes in the peripheral blood of a healthy human adult were cultured in the lymphocyte cultivation medium to which mixed condensed Na-phosphates and each of three condensed Na-phosphates were added in vitro at the final concentration of 1X 104% -1 X 10-'%. SCE's in 30 cells of each subject were counted (in vi-
